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1Université du Luxembourg, Campus Kirchberg
6, rue R. Coudenhove-Kalergi. L-1359 Luxembourg
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Abstract. The recent rise of wireless networking technologies let us en-
vision the metropolitan ad hoc network (MAHN). MAHNs are built on-
the-fly by user’s mobile stations which communicate in a peer-to-peer
mode. Communications within the network hence do not rely on any
fixed infrastructure. This paper tackles the message broadcasting prob-
lem in such networks. Unlike most of the studies on this issue, we do
consider that the network is very likely to be split in several partitions
and that the steady mobility of the nodes allows the broadcasting pro-
cess to reach previously inaccessible partitions. This article presents the
Delayed Flooding with Cumulative Neighbourhood (DFCN) algorithm as
an algorithm for message broadcasting on metropolitan ad hoc networks
and, through experiments, analyses its performance.

1 Introduction

A mobile ad-hoc network (a.k.a. MANET) can be defined as a set of communicat-
ing devices, sometimes called stations or terminals, able to spontaneously build
a network without any pre-existing communication infrastructure. Such systems
may be considered as autonomous self-organized open communicating systems.
The topology of these systems may change quickly and in an unpredictable way.
This dynamicity constitutes one of the main obstacle for performing efficient
communications. This has motivated many works dedicated to the conception,
the simulation and sometimes the implementation of broadcasting as well as
routing protocols [7, 6, 3].

This paper focuses on broadcasting. Generally speaking, this operation con-
sists of the emission of a message (a piece of information) from one station to
a set of other stations in the network. Within a large amount of existing works,
broadcasting is presented as a building block for other network layer protocols
[7]. As such, these strategies refer to the specifications of the IEEE 802.11 MAC



standard.In that context, the main goals driving the conception of broadcasting
strategies are to avoid congestion in the network, to avoid collision of packets
and to reach all the stations. Moreover, it is generally implicitly supposed that
the topology is connex, that is, given any source node within the network, it is
always possible to find a path heading to any other node in the same network.

Our approach is quite different, we are interested in the study of an applica-
tion lying on broadcasting. The target application may be described as a service
of small ads. Each station has the possibility of publishing an advertisement
on the network. The goal of this work is to propose a strategy for propagating
this information in a metropolitan environment. We are not considering collision
problems, but we try to find a good trade-off between congestion avoidance and
high level of dissemination, with the constraints of a non connex topology and
a high dynamicity.

There exist some projects and works that currently focus on mobile ad hoc
networks in metropolitan area. The RamboNode algorithm [1] proposes a solu-
tion for data storage in a metropolitan environment, when the network is made
of mobile stations self-organized in an ad hoc network. The MobileMAN project
[2] aims at building a fully functional prototype of MANET in such an environ-
ment, with the objective of integrating and validating some services. Our current
work may be considered as one such service.

We present in the following a new broadcasting strategy called Delayed
Flooding with Cumulative Neighbourhood (DFCN), enabling the propagation
of information when the topology of the network is made of changing sets of ad
hoc networks that may merge and disjoin dynamically during the operation.

The paper is organized as follows: section 2 focuses on the related works.
Section 3 defines the specific properties of metropolitan ad hoc network. Section 4
introduces the algorithm. Finally, section 5 compares the measured performances
of flooding and DFCN.

2 Related works

As mentionned in [2], metropolitan mobile ad hoc networks are characterized by
some particular properties. For instance, metropolitan area networks have one or
more areas where the nodes density is higher than the average, these points are
called VHS (standing for Virtual Hot Spots) and may be statistically detected.
We can imagine that such VHS may be, for instance, supermarkets, railway
stations, airports, offices... However, we can wonder if some, unless all, of these
nodes remain VHS during one full day. Indeed, a supermarket is open, roughly,
from 9 a.m to 7 p.m, and outside this period of time, the density of nodes within
the corresponding area is close to zero since such urban elements are generally
located at the border of cities. Then, from our point of view, the heterogeneity
and the dynamicity of the density of nodes within a urban environment is one
key characteristic that have to be considered for the design of application-level
broadcasting strategy.



There exist many papers dealing with the problem of broadcasting in MANETs.
As analysed in [7], broadcasting strategies in MANETs can be classified in four
categories. The very simple flooding strategy consists, for each node receiving
a message, in broadcasting this message, without control, to all its neighbors.
However, this strategy is not suitable for environments with high density re-
gions. Strategies belonging to the ”probability based methods” are based on the
principle that some elements of the decision of rebroadcasting information are
computed according to a probability. However, it seems that in the case of sparse
networks or, probably even worse, in the case of ad hoc networks that may form
groups of non connected clusters, these strategies fail to reach many nodes in
the environment. When information about station location is available, some
decision for rebroadcasting packets may be taken according to the portion of
additional area covered by the receiving station. However, neighborhood is not
taken into consideration by “area-based methods”. Finally, “neighbor knowledge
methods” constitute the last class of broadcasting strategies. They are based on
the management of the neighborhood of the stations. Because the metropolitan
environment is by-nature heterogeneous from the density point of view, this no-
tion of neighborhood seems to be of great importance for designing the strategy.

In that context, flooding — stations consistently re-emit the packets they
receive — is the obvious solution for broadcasting. But flooding does not suit
many kind of networks, particularly metropolitan ad hoc ones. Indeed, a harm-
ful consequence of the by-nature connectivity of such networks is that packets
are emitted redundantly. This leads to an intensive use of the bandwidth for
transmitting redundant information. It sometimes even causes severe network
congestions. This problem is known as the broadcast storm problem [5].

We have chosen an approach based on flooding with a careful management
of the neighborhood and with an application of the additional random delay
principle to jump between sometimes disconnected parts of the network.

3 Description of the network

This research focuses on metropolitan ad hoc networks (MAHNs). The main
difference between MAHNs and common ad hoc networks (military of lifeguards’
ones) are their structure. This structure (figure 1) depends on the characteristics
of network stations — their mobility and their communication capacities.

The concept of metropolitan ad hoc network is quite a new one. Today, only
a few teams [1][2] work on this specific topic.

3.1 Properties of the network and its stations

The network we consider has the following properties:

– the coverage area is a 80 meter radius circle. 80 is an upper bound value;
– connections are bi-directional;
– the network density is comprised between 100 and 10,000 stations per km2;



– communication links may crash at any moment as well as new link may
appear. These events are unpredictable.

The stations populating the MAHN have the following specific properties:

– they are mobile — mobility rules are defined in section 3.2;
– stations can be any mobile device endowed with a wireless network adapter;
– a station receiving a message is assumed to be unable to forward it in less

than 250ms. This value constitutes the time-base.

A resulting property of the density and the coverage radius is that the net-
work is divided into isolated partitions. But stations mobility makes the network
dynamic. Then the partitions move, subdivide, merge and so on.

3.2 Stations mobility and behavior of users

Let s be a station. If s roams within a concentration place c, it moves at a
speed comprised between 0 and 2km/h (slow walk). s can remain up to 2 hours
within c. Otherwise, if s is travelling from a concentration c1 to another one c2

at a distance d, s moves at a speed comprised between 0 and 4km/h (walk) if
d < 500m; between 0 and 130km/h (driving) otherwise.

Fig. 1. Metropolitan ad hoc networks are made of stations roaming from cluster to clus-
ters. This two example networks have been generated from the same simulator (section
5). Their similar structure testify the fact that stations properties are of paramount
importance. Each points shows the center of concentration place. Red and blue points
represent cars and pedestrians, respectively.



4 Delayed Flooding with Cumulative Neighbourhood

The Delayed Flooding with Cumulative Neighbourhood (DFCN) algorithm is
based on 1-hop neighbourhood information. Its behaviour is twofold: stations
carry out the broadcasting strategy both on message reception and on notifica-
tion of a new connection.

4.1 The strategy

Let s1 and s2 be two stations in the neighbourhood of one another. Let n(s) be
the set of stations in the neighbourhood of a station s. When s1 sends a message
m to s2, it attaches to m the set n(s1). On reception, s2 hence knows that each
station in n(s1) has received m. It then add The content of n(s1) to a set r(m) —
initially empty — containing the id of each stations which have already received
m. The set of stations which have potentially not yet received the message is then
n(s2) − r(m). If s2 reemit the message, the effective number of stations newly
reached is maximized by the heuristic function h(s2, m) = |n(s2) − r(m)|.

In order to minimize the network overload caused by a possible message
reemission, we define that this reemission occurs only if the number of newly
reached station is greater than a given threshold. This threshold is a function
of the number of stations in the neighbourhood (the local network density) of
the recipient station s2. It is written threshold(|n(s)|). s2 reemits the m only if
h(s2, m) ≥ threshold(|n(s2)|).

Re-emitting the message is worth only if the treshold is greater than 0. The
Flooding with Self-Pruning (FWSP) [4] works this way. But FWSP is known
to exhibit poor performance if the network density is high. We have found that
the network graph degree is usually comprised in [15, 25], which is too high for
an efficient execution of FWSP. If the density is lower than a safe maximum
of 10, the threshold is 1 (and then DFCN works as FWSP does); otherwise it
is given by threshold(n) = n

2 . This definition of the threshold makes DFCN to
dynamically self-adapt to the local network density.

4.2 Dealing with mobility

Most broadcasting strategies consider that the targeted network graph is connex
and that its nodes are static. On the contrary, we do consider that the network
is very likely to be split in several disconnected partitions and than the stations
mobility leads to the establishment of temporary paths heading to these parti-
tions. It is hence not realistic not think that the whole network is covered in the
first propagation process.

The algorithm must benefit from these thin connections. Each station then
listen to connection events (this can be obtained via periodic emission of ”Hello”
messages or by using some mechanisms made available by the underlying network
layer). That is each time a new connection is established between 2 given stations,
both of them are notified of the event. On such a notification, stations re-activate
the previously described algorithm using each hosted message as a parameter.



5 Experiments

The experimental results presented in this section have been produced out of a
software simulator. The latter models a single-channel mobile ad hoc network
and implements the specific properties of the MAHN (section 3). Maximizing the
performance, instead of implementing the data-link or network layer (like IEEE
802.11 or Bluetooth), the simulator relies on statistical parameters to mimic
low level mechanisms (randomly delayed emission) and events (packet collision,
sudden signal loss).

The simulation process consists of the selection of a random station which
creates a message and carries out a broadcast. It compares the performance
of DFCN and Flooding. Flooding is used as a reference algorithm because its
propagation rate is considered to be best one and the bandwidth use it generates
is considered to be the worst one.
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Fig. 2. On the left: the evolution over time of the network load generated by the algo-
rithms. On the right: The spreading resulting from the execution of both algorithms.

The network traffic (figure 2) generated by the execution of the DFCN algo-
rithm is 10 times lower. Along the experiments, flooding generated a low use of
outgoing messages queues, which means that it does not lead to severe network
congestion. Trying to reduce message redundancy to zero, DFCN saves more
bandwidth. Particularly, it does not require any message to be queued.

DFCN spreads message a little slower than flooding. The reason has already
been identified but not yet solved: because of the abrupt variation of density
of the MAHN, the algorithm does not perform a FWSP-like decision where it
should. The immediate harmful consequence is that some stations at the edge of
concentrations areas cannot been reached immediately. This leads to temporarily
ignore some stations that would have headed to some other concentration areas.
The topology changing over time, these strategic stations eventually get reached.



6 Conclusion

Most studies on the problem of broadcasting on mobile ad hoc networks (MANETs)
consider that the targeted network graph is connex and that its nodes are not
mobile. The topology of the targeted network is also often considered to be
random.

Our research focuses of metropolitan ad hoc networks (MAHN). Then we do
consider that this network graph is very likely to be splitted in several partitions
and that the steady mobility of the nodes allows the broadcasting process to
reach previously inaccessible partitions.

We propose the Delayed Flooding with Cumulative Neighbourhood (DFCN)
algorithm as an algorithm for message broadasting on metropolitan ad hoc net-
works. The DFCN algorithm exhibits good performance. Its strategy allows the
broadcasting process to reach all stations and to react to topology changes while
keeping a low bandwith load. DFCN is neither perfect. Particularly, we are still
working on finding a better threshold function that would allow the broadcasting
process to complete faster.
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